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GUARDRAIL SYSTEM

times vault over the guardrail barrier. HoWever, the W-beam
barrier cannot be raised because small cars Would Wedge
under the railing and snag on the guardrail posts.

BACKGROUND OF THE INVENTION

This invention relates to roadway guardrail systems, and

SUMMARY OF THE INVENTION
Accordingly, it is an object of the invention to provide a

more particularly, to guardrail barriers.
Guardrail barriers are positioned along roadWays to pre

novel guardrail system.

vent or reduce the damage to vehicles and to their occupants

When they leave the roadWay. The guardrail barriers are
designed to redirect the vehicle back onto the roadWay and
to absorb energy in a controlled manner from the vehicle.

10

It is a further object of the invention to provide a novel
guardrail barrier or rail.
It is a still further object of the invention to provide a

guardrail system in Which the guardrail barrier captures
higher center gravity vehicles such as pick-up trucks, vans,
utility vehicles and the like.

The barrier is supported on posts or the like and may have

different amounts of ?exibility depending on its design. It
provides an effective depth or capture area intended to

It is a still further object of the invention to provide a

receive the moving vehicle in a recessed portion of the
guardrail barrier bounded by upper and loWer curved por
tions projecting toWard the roadWay to stabiliZe the vehicle

novel guardrail system in Which the guardrail barrier absorbs
15

and reduce the tendency for the vehicle to vault over or dive

under the barrier or to roll When redirected by holding the

vehicle against upWard and doWnWard motion. The barriers
should be positioned With the loWer peak of the curved
portions no higher than 20.5 inches from the ground. Ter
minals are located at the ends of the guardrail system’s
barrier to receive vehicles that hit at the end. The terminals
and the barriers Work together to absorb energy When the
terminal is hit.
While prior art barriers differ one from the other and have

energy in a controlled manner such as for eXample by

buckling, bending cutting or other metal Working When the
terminal is impacted.
20

It is a further object of the invention to provide a novel
guardrail system in Which the membrane characteristics of a
guardrail are balanced against the beam characteristics to
reduce the tendancy of vehicles With a high center of mass
from rolling, vaulting over the guardrail barrier or diving

under the guardrail barrier upon hitting the guardrail barrier.
25

It is a still further object of the invention to provide a
larger capture area in a guardrail barrier to receive a Wider

variety of loW bumpers and higher bumpers on vehicles.
It is a still further object of the invention to provide a

many types of designs, the most common type of prior art
barrier in the United States is a W-Beam, galvaniZed ver
sions of Which are dimmensioned to have an area of its cross 30

novel guardrail able to usefully affect deceleration rates of
impacting objects at loW force levels and still function With

sectional edge of 1.99 square inches (in.2), a thickness of its
edge of 0.1046 inches (in.), a gauge of 12, a depth from the

high force levels.

top edge vertically doWn to the bottom edge of 12.25 inches,

novel guardrail formed of sufficiently thin material.

It is a still further object of the invention to provide a

an effective depth from the centerline of the uppermost

curved portion of the barrier (horizontal radius) to the
centerline of the loWermost curved portion (horizontal
radius) of 7.63 inches, a Width (from vertical plane touching

It is a still further object of the invention to increase the
35

In accordance With the above and further objects of the
invention, the shape of the guardrail barrier is tailored to

the barrier at the point farthest from the road center to

vertical plane touching barrier nearest road center—i.e. peak
of positive curve to peak of negative curve) of 3.35 inches.

likelihood of fast local buckling quickly.

40

This standard W-beam has an Xbar (distance from loWer

reduce the tendancy of the vehicle to roll, vault over the
guardrail or dive under the guardrail and to accomodate
impact With an end terminal. It has been discovered that,
With some designs, the tendancy of vehicles With a high

edge vertically to centroid) of 6.13 inches, a Ybar (distance

center of mass to roll or vault over the guardrail barrier upon

from peak of positive curve to centroid) of 1.69 inches, an
IX (vertical moment of inertia) of 29.65 in“, a horiZontal
moment of inertia, Iy, of 2.32 in“, an SX (vertical section

hitting the guardrail barrier can be reduced by reducing the
thickness of the guardrail barrier sheet material and increas
ing the depth and effective depth of the barrier Without
signi?cantly increasing the Weight per unit length, the ten
dency to penetrate the occupant compartment and section
modulus. The design also accomodates vehicles that impact

45

modulus) of 4.84 in.3, an Syl (horiZontal section modulus at

positive peak) of 1.38 in.3, an Sy2 (horiZontal section
modulus at negative peak) of 1.40 in.3, a length (length of
edge of a section if it Were straight) of 19 inches, and a

the terminal end of the guardrail system or tend to dive under

Weight per length of the barrier of 6.77 pounds per foot. The

the guardrail barrier.

outer curved portions of standard W-beams are each sym

metrical about a horiZontal line through its peak. Usually,
sections of W-beams are spliced together by eight bolts, one

The bene?cial results are obtained from a barrier having
dimmensions falling Within certain ranges such as for
eXample a range of edge areas, re?ecting the amount of steel

roW of four bolts on each side of the post bolts, evenly

or other material per unit length of guardrail barrier, and the

spaced so that tWo of the four are on the outer section of the 55 effective depths. These ranges mean that each of the values
peak of each outer curve and tWo on the inner section.
must fall Within the range for that value. This range is
betWeen an edge area of substantially 1.6 square inches With
Barriers With these dimmensions operate Well on some

vehicles but have several disadvantages as to other vehicles,
such as for example: (1) they provide so much resistances to
high center of mass vehicles that, under an undesirably large
number of circumstances, they cause the center of mass to
rise to a height over the vertical, resulting in the vehicle

rolling or vaulting over the guardrail; and (2) certain

60

an effective depth of substantially 15 inches to an edge area
of substantially 2.4 square inches With an effective depth of
substantially 9 inches. The preferred edge area and effective
depth are substantially 1.99 square inches edge area With

substantially 12.25 inches effective depth.
Arange of effective depths and moments of inertia is from

vehicles With a high center of mass and high bumper

an effective depth of 15 inches With a moment of inertia of
mounting heights are not captured by the prior art W-beam 65 3.5 in.4 to an effective depth of 9 inches With a moment of

guardrails. Thus, certain light trucks, such as pick-ups, vans

inertia of 1.5 in“. The preferred moment of inertia is 2.39

and sport-utility vehicles may be caused to roll and some

in“.

US 6,260,827 B1
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Arange of peak crush strength is between 3 kips (one kips

of length of substantially 6.85 pounds per foot; and (13) a
C-maX of substantially 1.75 inches.

is equal to thousand pounds) per foot to 6.5 kips per foot.
The preferred peaks crush strength is 4.97 kips per foot. A
suitable range of energy absorption caused by impact is
betWeen 7 kips in. per foot and 15 kips in. per foot. The
preferred value is 10.7 kips in. per foot or rail. This is best
obtained by asymmetrical end curves With ratios of angles of
the sloping inner side of outer curves to angles of outer side
of curves (facing angles) With the vertical of 1.2 to 6. The
preferred angles are 43.5 degrees for inner side and 78.66

The second set of characteristics is: (1) an area of sub

stantially 2.4 square inches; (2) a thickness of substantially

0.0897 inches; (3) a depth of substantially 15.88 inches; (4)
an effective depth of substantially 15 inches; (5) a Width of
substantially 3.27 inches; (6) a Ybar of substantially 1.28
inches; (7) a moment of inertia, Iy, of substantially 1.5 in“;
(8) an SX of substantially 6.86 in.3; (9) an Sy1 of substan
10

degrees for outer curve With a ratio of 1.8.

tially 1.65 in.3; (10) an Sy2 of substantially 1.29 in.3; (11) a
length of substantially 22.22 inches; (12) a Weight per unit
of length of substantially 6.78 pounds per foot; and (13) a

To prevent tearing out bolts at betWeen sections, more
C-maX of greater than 1.5 inches.
than 10 bolts in several roWs should be used to hold the
Arange of possible ?rst values for a ?rst barrier at one end
sections together. Each bolt should have a bearing area less
of the range and possible second values for a second barrier
15
than 0.079 square inches. The total bearing area should be at
at the other end of the range is: (1) for the ?rst barrier—an
least 5.6 square inches.
area of substantially 1.6 square inches, a thickness of

The beam energy absorbing characteristics and membrane
characteristics are selected principally by controlling the

substantially 0.085 inches, an effective depth of substantially

moment of inertia and the edge area. The vehicle redirecting

substantially 1.75 inches, a moment of inertia, Iy, of sub
stantially 3.5 in“, an SX of substantially 6.3107 in.3, an Sy1

characteristics and to some eXtent the energy storing and

15 inches, a Width of substantially 3 inches, a C-maX of
20

yield characteristics are determined by the location of the
centroid and radii of gyration. The capture area is deter

of substantially 1.78 in.3, an Sy2 of substantially 1.391 in.3,

mined by the geometry While maintaining the desired
moment of inertia, and edge area. For economic reasons and

for guardrail terminal impact management, the thickness and

25

linear length of the material used to form the barrier must be

area of substantially 2.4 square inches, a thickness of

considered in the design.

substantially 0.09 inches, an effective depth of substantially

Special materials, such as aluminum or composites, may

be used in locations Where justi?ed by economic and safety
factors. For example, a relatively yielding material With a
shape having a Wide capture area may receive bumpers at
different elevations and still hold the vehicle While the

a length of substantially 22.22 inches, a Weight per volume
of substantially 490. pounds per cubic foot, a Weight per
length of substantially 6.79 pounds per inch and a C-maX of
substantially 1.75 inches; to (2) for the second barrier—an

30

9 inches, a Width of substantially 3.3 inches, a C-maX of
greater than 1.5 inches, a moment of inertia, Iy, of substan
tially 1.5 in“, an SX of substantially 6.35 in.3, an Sy1 of

substantially 1.65 in.3, an Sy2 of substantially 1.29 in.3, a
length of 22.4224 inches, a Weight per volume of 490

material absorbs energy over a longer distance than conven

pounds per cubic foot, a Weight per length of 6.85 pounds

tional. The absorption of energy from the vehicle over the
longer distance may avoid the center of mass of the vehicle
raising over the vertical and rolling the vehicle or causing it
to vault over the guardrail. For this purpose, a relatively thin
steel guardrail barrier or aluminum barrier that is thicker or
some other compromise betWeen the membrane effect and
intertia-energy-absorption effect may be used. For substitut
ing materials With a different modulus of elasticity than
steel, the area multiplied by the neW modulus should remain
the same and the moment of inertia multiplied by the neW

per inch and a C-maX of greater than 1.5 inches.
From the above description it can be understood that the

modulus should remain the same.

guardrail barrier of this invention has several advantages
such as: (1) it permits absorbing of energy, such as for

example by efficient buckling, bending, cutting or other
40

metal Working When the vehicle hits a terminal; (2) it
provides a long capture area for vehicles that are at different

elevations from the ground; (3) it reduces the tendency for
vehicles having a high center of mass to roll, vault over the
barrier While at the same time preventing small vehicles
45

from diving under the barrier; (5) it permits adaptation of the
guardrail to vehicles having different heights of centers of

It has been discovered that the tendency of vehicles to roll
or vault over the barrier is greatly reduced if it has charac

masses and bumper heights; and (6) it permits economiZing

teristics falling Within a certain range from a ?rst set of
characteristics to a second set of characteristics.

With the amount of metal to achieve the desired result of

Surprisingly, the range of characteristics includes a reduced

tecting them from leaving the road and Without causing
premature failure of the guardrail material.

redirection of vehicles and sloWing them doWn While pro

thickness (increased gauge) of material and an increased
depth and effective depth Without a corresponding increase
in section modulus or in the Weight per unit length of the

SUMMARY OF THE DRAWINGS
The above-noted and other features of the invention Will

barrier of such an eXtent as to greatly increase the cost or

permit easy ?attening, tearing or penetration by the vehicle.

55

The characteristics de?ning the range betWeen the ?rst set of
characteristics and second set are not necessarily found in

ings in Which:
FIG. 1 is a plan vieW illustrating the action of a vehicle

only one barrier design.

impacting the guardrail barrier;

The ?rst set of characteristics is: (1) an edge area of

substantially 1.6 square inches; (2) a thickness of substan

tially 0.09 inches; (3) a depth of substantially 12.88 inches;
(4) an effective depth of substantially 9 inches; (5) a Width
of substantially 3.37 inches; (6) a Ybar of substantially 1.481
inches; (7) a moment of inertia, Iy, of substantially 3.5 in“;
(8) an SX of substantially 6.31 in.3; (9) an Sy1 of substan
tially 2.09 in.3; (10) an Sy2 of substantially 1.391 in.3; (11)
a length of substantially 22.42 inches; (12) a Weight per unit

be better understood from the folloWing detailed description
When considered With reference to the accompanying draW

60

FIG. 2 is a fragmentary front elevational vieW of a portion

of the guardrail barrier of FIG. 1;
FIG. 3 is a fragmentary perspective vieW of a portion of

the guardrail barrier of FIG. 1;
FIG. 4 is a fragmentary plan vieW of a vehicle hitting the
65

terminal of the guardrail system of FIG. 1;
FIG. 5 is a side vieW of a guardrail con?guration in
accordance With an embodiment of the invention;

US 6,260,827 B1
5

6

FIG. 6 is a side vieW illustrating the shape of a guardrail
of still another embodiment of the invention;

high moment of inertia, extending toWard the center of the
roadWay (hereinafter referred to as positive direction for

FIG. 7 is a side vieW of a preferred embodiment of

curves), each of Which are similar and have a relatively short
radius of curvature With a center point extending aWay from
the center of the roadWay (hereinafter referred to as positive
direction for centers of curvature) and a corresponding one

guardrails;
FIG. 8 is a side vieW of still another embodiment of

guardrails;
FIG. 9 is a side vieW of still another embodiment of

guardrails;
FIG. 10 is a side vieW of still another of embodiment of

guardrails;

10

(negative direction).

FIG. 11 is a side vieW of still another embodiment of

guardrails;
FIG. 12 is a side vieW of still another embodiment of

guardrails; and

15

FIG. 13 is a side vieW of still another embodiment of

guardrails.
DETAILED DESCRIPTION

In FIG. 1 there is shoWn a plan vieW of a guardrail system
10 about to be impacted by a vehicle 12. The guardrail
system 10 includes a plurality of posts, four of Which are
shoWn at 14A, 14B, 14C and 14D, a guardrail barrier 16, a
terminal assembly 18 and a cable anchoring system 20, With
the terminal assembly 18 being at one end of the guardrail
barrier 16 and cable anchoring system 20 connecting the
guardrail barrier 16 to a support. The guardrail barrier 16 is
mounted to the posts 14A—14D to be substantially parallel to
a roadWay.

In this guardrail system, the terminal assembly 18 and a
guardrail barrier 16 cooperate together to reduce the likeli
hood of bodily injury to passengers and guests in the vehicle
12 When the vehicle 12 leaves the roadWay and impacts

against the guardrail barrier 16 or impacts against the
terminal assembly 18 at the end of the guardrail barrier. The
terminal assembly 18 may be of any suitable type, but is
preferably a terminal that cooperates With the guardrail

20

surface contact With each of the sections in a direction
25

ture of the upper and loWer outer curves 30 and 32 are the
30

35

curvature and their centers can face the roadWay. The center
portions 34A, 34B are ?at or have a much longer radius of
curvature than the outer curves 30A, 30B and 32A, 32B. If
opposite direction as the upper and loWer outer curves 30A
and 32A. The center sections may also have still another

smaller curved portion someWhere along its length such as
at its center, With a center of curvature facing in the same
direction of the upper and loWer outer curves 30A, 30B and
40

45

32A, 32B but being shorter in radius.
In FIG. 3, there is shoWn a fragmentary perspective vieW
of the guardrail barrier 16 shoWing the upper and loWer outer
curves 30A and 32A. As best understood from this vieW,
each of the outer curves is asymmetrical rather than being a
single arc With a single center of curvature. similarly, the
center portion of the barriers may have no curvature or
almost no curvature and the curvature, if any, should face in

a negative direction from the peaks of the outer curves.
The outer sections 33A and 35A on the outside slope of

the peaks 30A, 32A respectively (above and beloW the peaks

The posts 14A—14D may be of any general type, but in the
preferred embodiment are either Wood or steel posts and

and 32A, 32B (hereinafter referred to as outer curves) of

preferred embodiment, they can have different radii of

curved, they have inevitably centers of curvature in the

the guardrail.

guardrail barrier 16 at one end and positioned so that it may
move in the direction of the guardrail as the guardrail
buckles, bends or is altered in another energy saving manner
When the terminal is impacted by the vehicle 12 as best
shoWn in FIG. 4.
In FIG. 2 there is shoWn a fragmentary elevational vieW
of a W-beam guardrail barrier 16 a ?rst section 16A and a
section section 16B, each having a corresponding one of the
outer asymmetric top and bottom curves or humps 30A, 30B

0.079 square inches.
While in the embodiment of FIG. 2, the radius of curva

same and their centers face aWay from the roadWay in the

to passengers in the vehicle. The stretching or elongation
action of the guardrail is balanced With the energy absorp
tion from metal Working such as bending to provide a sloW
enough attenuation of the vehicle’s energy to avoid the
likelihood of a high center of mass lifting upWardly to cause
the vehicle to roll and particularly to avoid its vaulting over

include blockouts. The guardrail barrier 16 mounted the side
of the posts facing the roadWay by fasteners such as bolts or
the like. The terminal assembly 18 is mounted to the

if the outer roW of bolts 31A, 31B and 31C are all betWeen
the peaks rather than the beginning roW and end roWs of

parallel to the longitudinal aXis of the sections of less than

formed of metal and relies upon a combination of elongation
to permit movement of the vehicle and absorption of energy

by metal Working to reduce the likelihood of bodily injury

The sections 16A and 16B are spliced and held by 12 bolts
31A—31L, arranged in four roWs of three bolts located
betWeen the peaks 30A, 30B and 32A, 32B. At least 10 bolts
should be used. This provides at least 0.56 square inches of
contact betWeen each section and a guardrail and reduces the
possibility of tearing of the guardrail at the bolts. It has been
found that the bolts are less likely to tear the guardrail barrier

bolts being outside the peaks. Each of the bolts provides

barrier 16 to cause the absorption of energy such as for

eXample by the buckling, bending, cutting or other metal
Working of the guardrail barrier 16.
In the preferred embodiment, the guardrail barrier 16 is

of the central curved or straight portions 34A, 34B
(hereinafter referred to as center portions) With curves facing
aWay from the center of the roadWay in the negative
direction, having a larger radius of curvature than the outer
curves and having a center of curvature facing the roadWay

55

30A and 32A respectively) are close to horiZontal in the
preferred embodiment and the inner sides 37A of the upper
outer curve 30A and 39A of the loWer curve 32A slope
toWards each other in the preferred embodiment shoWn in
FIG. 7. This minimiZes the moment of inertia of the guard

rail barrier to permit bending or other metal Working,
reduces crushing to a ?at shape because of the steep outer

portions 33A and 35A, 35B and the sloping inner portions
37A and 39A reduce the tendency to form a hump in the
60

center portions 34A. The crushing of the peaks could reduce
the moment of inertia to a value that is too loW and perhaps
cause an undesirable fracture and the creation of a hump

could also change the moment of inertia in an undesired
direction.
65

The force necessary to crush the outer curves or form a

large central hump is referred to herein as the crushing force.
The desired range of crushing force is determined by the

US 6,260,827 B1
7

8

thickness of the material and the facing angles, theta and
beta, made by each pair of outer and inner section of the
peak. The outer sections, 35C and 33C, each an angle theta

the effective capture area of different elevations of vehicles
so that the larger this area, the better its capture character

With the horizontal and the inner sections 37C and 39C each
make an angle beta With the horiZontal. The desired crushing
strength for a steel beam is in a range of thickness of

the membrane action, the longer the vehicle can move

istics. Similarly, the loWer the section modulus: (1) the better
against resistance and the longer the time available for
redirecting the vehicle; (2) the greater the reduction in

betWeen 15 gauge to 10 gauge and a ratio of theta to beta in

the range of 1.2 to 6. The preferred ratio is 1.8.
In FIG. 4, there is shoWn a fragmentary plan vieW of the

guardrail system 10 With the vehicle 12 positioned to hit the
terminal assembly 18 rather than the guardrail barrier 16. As
shoWn in this embodiment, it is intended that the terminal
buckle, bend, cut or otherWise alter the guardrail barrier to

10

push back the occupant compartment; and (3) increase
impact forces. The greater the moment of inertia, the faster
energy is absorbed and the vehicle sloWed doWn.

cause the guardrail system to absorb energy, and for that
reason, the guardrail barrier has an appropriate moment of
inertia of its section and is made of a material Which is

A preferred embodiment of barrier should have the char
acteristics substantially as shoWn in column 3CTAB in table

relatively stiff but capable of buckling, bending or otherWise
being deformed. Any mechanisms for absorbing energy may

1 and in FIG. 7. “Substantially” in this speci?cation and
claims means Within 20 percent. In the preferred

also be used at in conjunction With the guardrail such as
slicing the guardrail or extruding it or the like in a manner
knoWn in the art.
In FIG. 5, there is shoWn a side vieW of an embodiment

20

25

inches. The apeX of the curved portion 30C is substantially

center portion 34A.
30

a certain range from a ?rst set of characteristics to a second
35

respectively in the embodiments of guardrail systems 10E,
10H and 101 respectively.
Several possible variations in characteristics are shoWn in
table 1 for beams such as those shoWn by 10A—10I in FIGS.
5—13. With these con?gurations, the distance and direction
a car of a predetermined momentum, direction and height of

portion is substantially four and one quarter inches long.
The characteristics of suitable barriers should fall Within

10G are shoWn With differing amounts of metal being

required in accordance With the length and different balances
betWeen membrane action and beam type action. Similarly,
FIGS. 9, 12 and 13 shoW additional beam type resistance
created by a central curved portion such as 36E, 36H and 361

curvature at the outermost portions of ?fteenth siXteenths
inch. The distance at the base of the point they inner curve
37C meets the center portion 34C of ?ve and one quarter
one and one half inch from the point the outer section 33C
crosses the base line and four inches from the point the inner
curve 37C meets the center portion 34 at its base. The center

With a relatively loW membrane action as controlled by the

Similarly in FIGS. 6, 7, 8, 10 and 11, con?gurations for
embodiments of guardrail systems 10B, 10C, 10D, 10F and

embodiment, the outer curves 30C, 32C are each
asymmetric, are identical to each other, a center of curvature

of their peaks that is substantially tWo and one eighth inches
from the base negative extreme point and a radius of

of a guardrail system 10A having upper and loWer outer
curves 30A and 32A respectively and a center portion 34A.

This embodiment illustrates the effect of relatively large
radii of curvature of the outer portions in providing high
moment of inertia against buckling and bending upon impact

destabiliZing forces and thus the less chance of rolling; and
(3) the loWer the moment of inertia. High moments of
inertia: (1) cause faster reduction and increase in forces, thus
increasing rollover; (2) increase the chances the tires Will
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set of characteristics. Surprisingly, the range of characteris
tics has a reduced thickness (increased gauge) of material
and increased depth and effective depth Without an increased
Weight per unit length of the barrier of such a magnitude as
to greatly increase the cost or, increase the moment of inertia
or increase the likelihood of crushing the curved portions of
the barrier and thus reduce its moment of inertia. The
characteristics de?ning the range betWeen the ?rst set of

center of mass moves after impact With a barrier can be

characteristics and second set are not necessarily to be found
in one barrier design. The range is given for the same
material and the same thickness and gauge but the material

controlled to some eXtent. The center portion 34 determines

can be varied as described above.

TABLE 1
W-Beam
Standard

W-Beam 1B

Area
Thickness

1.9904
0.1046

1.9966
0.0897

2.0001
0.0897

2.0003
0.0897

2.0126
0.0897

2.0000
0.0897

1.9930
0.0897

Gauge
Depth
Effective

12.0000
12.2500
7.6250

13.00000
15.4375
10.8128

13.0000
14.9062
10.8539

13.0000
14.5479
11.6764

13.0000
13.3680
10.6436

13.0000
12.8728
11.0744

13.0000
15.2354
12.2500

Width
Xbar

3.3546
6.1250

3.3660
7.7188

3.3660
7.4531

3.3660
7.2739

3.3660
6.6840

3.3660
6.4364

3.2730
7.6177

Ybar
IX

1.6839
29.6494

1.4751
48.7110

1.3867
47.1189

1.3031
48.5116

1.2815
42.4567

1.2966
42.5975

1.4503
52.2648

Iy

2.3235
4.8407
1.3754
1.3952
19.0287

2.6190
6.3107
1.7755
1.3851
22.2200

2.6341
6.3220
1.8995
1.3309
22.3808

2.6331
6.6692
1.8752
1.3421
22.2982

2.6832
6.3520
2.0938
1.2872
22.4224

2.6593
6.6182
2.0509
1.2850
22.2423

2.3877
6.8610
1.6463
1.3100
22.2178

I.D. No.

W-Beam 3A W-Beam 3C

W-Beam 5A W-Beam 5C

W-Beam
3CTAB

Depth

SX

Sy1
Sy2
Length
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TABLE l-continued
ID. No.

Weight/
volume
Weight/

W-Beam
Standard

W-Beam 1B

4900.0000

490.0000

490.0000

490.0000

490.0000

490.0000

490.0000

6.7729

6.7941

6.8059

6.8064

6.8483

6.8056

6.7817

W-Beam 3A W-Beam 3C

W-Beam 5A W-Beam 5C

W-Beam
3CTAB

Length

The bene?cial results are obtained from a barrier having
dimmensions foiling within certain ranges such as for
example a range of edge areas, re?ecting the amount of steel

or other material per unit length of guardrail barrier, and the
effective depths. This range is between an edge area of
substantially 1.6 square inches with an effective depth of
substantially 15 inches to an edge area of substantially 2.4
square inches with an effective depth of substantially 9
inches. The preferred edge area and effective depth are

substantially 1.99 square inches edge area with substantially
12.25 inches effective depth.
Arange of effective depths and moments of inertia is from

The second set of characteristics is: (1) an area of sub

stantially 2.4 square inches; (2) a thickness of substantially

0.0897 inches; (3) a depth of substantially 15.88 inches; (4)
15

20

in.

25

.

A range of peak crush strength is between 3 kips
(thousand pounds) per foot to 6.5 kips per foot. The pre
ferred peaks crush strength is 4.97 kips per foot. A suitable
range of energy absorption caused by impact is between 7
kips in. per foot and 15 kips in. per foot. The preferred value

15 inches, a width of substantially 3 inches, a C-maX of
30

a length of substantially 22.22 inches, a weight per volume

of substantially 490. pounds per cubic foot, a weight per

inner side of outer curves to angles of outer side of curves
35

length of substantially 6.79 pounds per inch and a C-maX of
substantially 1.75 inches; to (2) for the second barrier—an
area of substantially 2.4 square inches, a thickness of

outer curve with a ratio of 1.8.

substantially 0.09 inches, an effective depth of substantially

To prevent tearing out bolts at between sections, at least
40

9 inches, a width of substantially 3.3 inches, a C-maX of
greater than 1.5 inches, a moment of inertia, Iy, of substan
tially 1.5 in“, an SX of substantially 6.35 in.3, an Syl of

substantially 1.65 in.3, an Sy2 of substantially 1.29 in.3, a
length of 22.4224 inches, a weight per volume of 490

The beam energy absorbing characteristics and membrane
characteristics are selected principally by controlling the
moment of inertia and the edge area. The vehicle redirecting

substantially 1.75 inches, a moment of inertia, Iy, of sub
stantially 3.5 in“, an SX of substantially 6.3107 in.3, an Syl

of substantially 1.78 in.3, an Sy2 of substantially 1.391 in.3,

asymmetrical end curves with ratios of angles of the sloping

10 bolts in several rows should be used to hold the sections
together. Each bolt should have a bearing area less than
0.079 square inches. The total bearing area should be at least
0.56 square inches.

Arange of possible ?rst values for a ?rst barrier at one end
of the range and possible second values for a second barrier
at the other end of the range is: (1) for the ?rst barrier—an
area of substantially 1.6 square inches, a thickness of

substantially 0.085 inches, an effective depth of substantially

is 10.7 kips in. per foot or rail. This is best obtained by

(facing angles) with the horizontal of 1.2 to 6. The preferred
angles are 43.5 degrees for inner side and 78.66 degrees for

tially 1.65 in.3; (10) an Sy2 of substantially 1.29 in.3; (11) a
length of substantially 22.22 inches; (12) a weight per unit
of length of substantially 6.78 pounds per foot; and (13) a
C-maX of greater than 1.5 inches.

an effective depth of 15 inches with a moment of inertia of
3.5 in.4 to an effective depth of 9 inches with a moment of

inertia of 1.5 in“. The preferred moment of inertia is 2.39

an effective depth of substantially 15 inches; (5) a width of
substantially 3.27 inches; (6) a Ybar of substantially 1.28
inches; (7) a moment of inertia, Iy, of substantially 1.5 in“;
(8) an SX of substantially 6.86 in.3; (9) an Syl of substan

pounds per cubic foot, a weight per length of 6.85 pounds
per inch and a C-maX of greater than 1.5 inches.
45

characteristics and to some extent the energy storing and

From the above description it can be understood that the

yield characteristics are determined by the location of the
centroid and radii of gyration. The capture area is deter

guardrail barrier of this invention has several advantages
such as: (1) it permits absorbing of energy, such as for

eXamply by ef?cient buckling, bending, cutting or other

mined by the geometry while maintaining the desired
moment of inertia and edge area. For economic reasons, the
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metal working when the vehicle hits a terminal; (2) it

thickness and linear length of the material used to form the
barrier and guardrail impact energy moment must be con

provides a long capture area for vehicles that are at different

sidered in the design.

vehicles having a high center of mass to roll, vault over the
barrier while at the same time preventing small vehicles

elevations from the ground; (3) it reduces the tendency for

The characteristics de?ning the range between the ?rst set

of characteristics and second set are not necessarily to be 55 from diving under the barrier off of the road; (5) it permits

adaptation of the guardrail to vehicles having different
heights of centers of masses; and (6) it permits economiZing

found in only one barrier design.
The ?rst set of characteristics is: (1) an edge area of

with the amount of metal to achieve the desired result of

substantially 1.6 square inches; (2) a thickness of substan

tially 0.09 inches; (3) a depth of substantially 12.88 inches;
(4) an effective depth of substantially 9 inches; (5) a width
of substantially 3.37 inches; (6) a Ybar of substantially 1.481
inches; (7) a moment of inertia, Iy, of substantially 3.5 in“;
(8) an SX of substantially 6.31 in.3; (9) an Syl of substan

redirection of vehicles and slowing them down while pro
60

been described with some particularity, many modi?cations
and variations in the invention are possibile in light of the

tially 2.09 in.3; (10) an Sy2 of substantially 1.391 in.3; (11)
a length of substantially 22.42 inches; (12) a weight per unit
of length of substantially 6.85 pounds per foot; and (13) a
C-maX of substantially 1.75 inches.

tecting them from leaving the road and without causing
premature failure of the guardrail material.
Although a preferred embodiment of the invention has

65

above teachings. Therefore, it is to be understood that,
within the scope of the appended claims, the invention may
be practiced other than as speci?cally described.

US 6,260,827 B1
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12
said splice consisting of apertures in the end of the ?rst

What is claimed is:
1. A guardrail barrier that balances moment of inertia and
membrane effect Without requiring more material to reduce
the tendency of high center of mass vehicles from turning
over comprising:

section lined With apertures in the end of the second

section and bolts fastening the sections together

through said apertures;
there being at least 10 bolts;
each of said bolts providing surface contact With each of

outer curves;

a central portion betWeen said outer curves;

said sections at the edges of the sections in a direction

the central portion and outer curves being positioned to
provide an effective depth of betWeen 9 to 15 inches.
2. A guardrail system in accordance With claim 1 in Which
the moment of inertia, length of the edge and area of the
edge of the guardrail barrier are tailored to reduce the

parallel to the longitudinal axis of the sections of less
than 0.079 square inches.
12. A guardrail barrier in accordance With claim 11 in
Which:
said splice includes 12 apertures in each of said one end
and second end and ?ve bolts in each of said ?rst end
and said second end; and
said bolts being 5/s inch diameter bolts.
13. A guardrail barrier in accordance With claim 1 in

tendency of the vehicle to roll, vault over the barrier or crush

the occupant compartment.
3. A guardrail system in accordance With claim 2 having:
characteristics falling Within a certain range from a ?rst
set of characteristics to a second set of characteristics;
said ?rst set of characteristics including an edge area of
1.6 square inches, an effective depth of 9 inches, a
C-max of 1.75 inches and a moment of inertia of 3.5

Which said guardrail barrier comprises:
20

in“; and
said second set of characteristics including an area of 2.4

square inches, an effective depth of 15 inches, a C-max
greater than 1.5 inches and a moment of inertia of 1.5

section to form a splice;
25

in“.
square inches and 2.4 square inches.
30

force necessary to ?atten the outer curves is more than 3 kips

per foot.
6. A guardrail system in accordance With claim 4 in Which
the crush strength of the barrier is suf?ciently loW so that the

bolts extending through at least some of said openings,
Wherein said sections are held together;
there being at least tWo vertical roWs of bolts;
one of said roWs of bolts being closer to the edge of a

4. A guardrail system in accordance With claim 1 in Which
the area of the edge of the guardrail barrier is betWeen 1.6
5. A guardrail system in accordance With claim 4 in Which
the crush strength of the barrier is high enough Wherein the

at least ?rst and second sections of guardrail;
said ?rst and second sections each having a plurality of
openings in their ends With the opening in the ?rst
section being aligned With the sections in the second

barrier than the others;
each of curved portions having a peak;
said one of said roWs of bolts being located in an area

35

outer curves are ?attened by a force less than 6.5 kips per

betWeen the peaks of said outer curved portions.
14. A guardrail barrier in accordance With claim 1 in
Which:
each of said outer curves has an outer surface extending

foot, Wherein the occupant compartment is not intruded
upon.

in a generally horiZontal direction, a peak and an inner

7. A guardrail system in accordance With claim 1 in Which
the section modulus is beloW 1.5 in.3.
8. A guardrail system in accordance With claim 7 in Which
the section modulus is at least 1.4 in.3.
9. A guardrail system in accordance With claim 1 in Which

surface extending doWnWardly toWard the central por
40

the moment of inertia is in a range of betWeen 3.5 in.4 to 1.5

in“.
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10. A guardrail system in accordance With claim 1 in
Which the guardrail barrier has an area of substantially 1.99
square inches, a thickness of substantially 0.0897 inches, a

a range of betWeen 1.2 and 6.

15. A guardrail barrier in accordance With claim 1 in

gauge of substantially 13.0000, a depth of substantially
15.24 inches, an effective depth of substantially 12.25

Which said outer curves are asymmetrical.

16. A guardrail barrier in accordance With claim 1 in
Which the outer curves each have sloping inner sides
betWeen peaks of the curves and the central portion and

inches, a Width of substantially 3.27 inches, an Xbar of

substantially 7.62 inches, a Ybar of substantially 1.45
inches, an Ix of substantially 52.26 inches, a moment of
inertia of substantially 2.39 in.4 inches, an Sx of substan
tially 6.86 inches, an Sy1 of substantially 1.65 inches, an

tion;
said outer sections each having a straight length of at least
tWo inches;
said inner sections each having a straight section;
the ratio of the angle of said outer section makes With the
vertical to the angle of said inner section makes With
the vertical facing each other With the vertical being in
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outer sides, the ratio of the angles With respect to the vertical
of the inner sides to the outer sides being in a range of 1.2

Sy2 of substantially 1.31 inches, a length of substantially

to 6.

22.22 inches, a Weight per volume of substantially 490
pounds per cubic foot and a Weight per length of 6.78 pounds

Which the barrier includes at least tWo continuous sections

per foot.
11. A guardrail barrier in accordance With claim 1 in
Which the barrier includes:

a plurality of sections;
at least the end of one section being spliced to the end of
a second section;

17. A guardrail barrier in accordance With claim 1 in
60

having aligned bolt holes adapted to receive bolts and hold
the sections together, there being more than ten such bolt
holes and having a bearing area less than 0.079 square
inches and a total bearing area of at least 5.6 square inches.
*

*

*

*

*

